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Introduction
In the last #98 RAN plenary meeting, the following objective for positioning for RedCap UEs was agreed upon as WID [1]:
	
· Specify support of positioning for UEs with Reduced Capabilities (RedCap UEs)
· Specify support of Frequency Hopping (FH) beyond maximum RedCap UE bandwidth for reception of DL PRS and transmission of UL SRS for positioning [RAN1, RAN2].
· NOTE: The complexity of the corresponding capabilities for RedCap UEs should be addressed for the introduction of appropriate capabilities for RedCap UEs.
· Specify RRM requirements for positioning including RRM measurements and procedures for RedCap UEs for both with and without frequency hopping [RAN4].




Additionally, target performance requirement for positioning for RedCap UEs was captured in [2]:
	For commercial use cases for both indoor and outdoor scenarios
-	Horizontal positioning accuracy: (< 3 m) for 90% of UEs
-	Vertical positioning accuracy: (< 3 m) for 90% of UEs.
For IIoT use cases:
-	Horizontal positioning accuracy: (< 1 m) for 90% of UEs
-	Vertical positioning accuracy: (< 3 m) for 90% of UEs.



Based on the performance evaluations of positioning for Redcap UEs in IIOT scenarios provided by a majority of sources, for InF-SH in FR1, the horizontal positioning requirement for IIOT use cases is not achieved by Rel.17 solutions using 5 MHz or 20 MHz of bandwidth. To solve this, enhancements to DL PRS Rx frequency hopping and UL SRS for positioning (SRS-pos) Tx frequency hopping has been studied.

Discussion of DL-PRS Frequency Hopping
In the last RAN1 #112 meeting, it has been agreed to support measurement gap (MG) based measurement on DL PRS Rx hopping.
	Agreement
For positioning for RedCap UEs with DL PRS Rx Hopping, the UE hops within a DL PRS resource
· FFS: whether there is specification update needed for RAN1
· FFS: remaining details

Agreement
For RedCap UEs, support at least measurements on DL PRS with Rx frequency hopping using a measurement gap
· FFS: details on RedCap UE processing capabilities for DL PRS with Rx frequency hopping and MG
· FFS: the use of a single or multiple instances of a MGs
· FFS: the use of PPW



If the RedCap UE performs DL PRS Rx hopping, collisions with other signals and channels may occur more frequently. Although PPW can also be considered to handle the collisions, it may not be suitable for the following reasons: UEs are allowed to perform DL PRS measurements inside the active DL BWP using PPW. If measurements using PPW are supported, once a UE measures the first frequency hop of the DL PRS within the active DL BWP, it moves to the next second hop outside the active DL BWP at the next time instance, which means it cannot see any other signals or channels. Although switching of PPW at every hopping can be considered as an alternative, this would require switching of the BWP at every hop since the PPW is associated with the BWP. As mentioned in the previous meeting, supporting to limit PPW processing type to at least Type 1a can be considered for preventing BWP switching. But, this is not much different from operation in MGs. Moreover, since RedCap UE also supports HD-FDD in Rel-18, there is a problem that the Type 1a cannot cover for UL signals and channels.
Therefore, the PPW is not suitable for DL PRS Rx hopping, and it is sufficient to measure based on MG supporting measurement even outside active DL BWP.

Proposal 1: Deprioritize DL-PRS frequency hopping outside MG.

Discussion of UL-SRS for positioning Frequency hopping
In previous RAN1 meetings, it has been agreed to support SRS for positioning frequency Tx hopping is configured within one SRS for positioning resource separate from the existing BWP configuration.
	Agreement
For RedCap UEs, support SRS for positioning frequency hopping by 
· Using a configuration separate from the existing BWP configuration
· FFS: hopping is configured within a SRS resource or across SRS resources



	Agreement
For RedCap Ues, SRS for positioning Tx frequency hopping is configured within one SRS for positioning resource.



Configuration for UL SRS pos frequency hopping
It was decided to introduce frequency hopping for RedCap UEs. Since the UL SRS-pos frequency hopping needs to be performed over a wider frequency range than the UL BWP of the RedCap UE, it can be different from other existing frequency hopping configurations. 
Before discussing the configuration method, discussion regarding the parameters necessary for configuration is required. Firstly, frequency domain information about the number of hops, starting PRB of the first hop, and the bandwidth of each hop will be needed. Moreover, information about starting position in time domain and the number of symbols of each hop also should be considered. Since the hopping procedure has to be performed in a large frequency range outside the BWP, a switching gap in time domain between consecutive hops should be required for RF retuning every time each hop is changed. Simply, the fixed switching gap can be determined by UE capability or RAN4 requirement, and we don’t see strong need to support configurable switching gap.
 For frequency resource mapping of partially overlapped SRS-pos frequency hopping, two options can be considered; per-hop resource configuration and hop-common resource configuration. The latter configuration method seems straight forward for simplicity. To enable it, we support to include the starting PRB only for the first hop and overlap size, which can be set to zero, instead of including the starting PRBs for every hops. This frequency resource mapping method can minimize the use of configuration resources.
In order to minimize spec impact and save configuration resources, we also propose a method of reusing the parameters included in the RRC configuration of the existing Rel-17 legacy SRS-pos resource among the above-mentioned parameters for frequency hopping configuration. That is, starting position in time/frequency domain, bandwidth, and symbol length of SRS-pos resource may be reused as starting position/PRB for the first hop, bandwidth of each hop, and number of symbols of each hop.
Proposal 2-1: Adopt following new parameters are included in SRS-pos frequency hopping configuration
· Number of hops
· Overlap size which can be set to zero
 Proposal 2-2: Following parameters in legacy SRS-pos resource configuration can be reused to SRS-pos frequency hopping configuration
· Bandwidth of SRS-pos resource is used to determine the bandwidth of each hop
· Starting position of SRS-pos resource in time/frequency domain is used to determine the Starting position in time/frequency domain for the first hop
· The number of symbols of SRS-pos resource is used to determine the number of symbols of each hop

Details of configuration
Intra-slot and inter-slot UL SRS-pos Tx hopping
If the transmission of frequency hopped SRS-pos is performed inter-slot, i.e., single SRS transmission occasion in single slot, time duration to complete the frequency hopped SRS-pos will be identical to the number of hops. According to the LS reply from RAN4 [3], the switching time of {70us, 140us} for FR1 could be considered as the starting point. That means the switching time is about {1,2,4,8,16,32} symbols for each numerology u = {0,1,2,3,4}. For some numerologies, i.e., for transmission requiring short switching time, considering only inter slots may cause time domain resource overhead because the required time gap is only several symbols. Also, during those time duration, transmission of other signals/channels will be dropped or postponed which lead latency increment. 
To avoid it, enabling multiple SRS transmission in a single slot, i.e., the intra-slot + inter-slot UL SRS-pos Tx hopping mechanism, should be considered so that the UL SRS-pos resource hops can be connected contiguously between inter-slots during frequency hopping. The example is shown in Figure 1.
[image: ]
Figure 1. Example of intra-slot + inter-slot contiguous SRS-pos Tx hopping
Depending on the number of hops and the number of symbols per hop, there could be a case where a hop might collide with the slot boundary. If the SRS resource transmission crossing over slot boundary is allowed, it would lead problems such as partial SRS resource transmission by symbol-level drop and sequence mapping of such partial SRS resource. In that sense, it is undesirable to allow the cross over the slot boundary. To solve this problem, time domain resource mapping scheme of limiting the time domain starting position of first hop or repeating the hopping pattern in units of slots can be considered.
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Figure 2. Example of cases where a hop cross over the slot boundary
Figure 2 shows examples where one or some of the hops cross over a slot boundary during frequency hopping. This can occur depending on the symbol length of each hop, switching gap between consecutive hops, and the number of hops. For example, when the symbol length of each hop, switching gap between consecutive hops, and the number of hops are 2 symbols, 1 symbol, and 5 hops, respectively, cross-overs can occur for time domain starting positions of the first hop (symbol index) {1, 4, 7, 10}, and it is depicted in Figure 2 for the case of symbol index {1, 4}.
As mentioned above, the LS reply considers the switching time of {70us, 140us} for FR1 RedCap UEs, which requires taking into account time gaps between hops of {1, 2, 4, 8, 16, 32} symbols, depending on the subcarrier spacing. Accounting for that, limiting the symbol index values can be considered to avoid crossing over slot boundaries for {1, 2, 4, 8, 12} symbols for SRS-pos resource, which is supported in the current spec. It is shown in Table 1.
Table 1. Example of symbol indices for time domain start position of first hop which is limited according to the symbol length of each hop.
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The cases marked as "no intra-slot" in the table refer to cases where the number of symbols between the start and end of adjacent hops in the time domain is more than the number of OFDM symbols in one slot, making intra-slot hopping impossible. In such cases, to maintain the flexibility of resource mapping, we can use the legacy slot-level SRS resource mapping method and set the start OFDM symbol positions of each hop to be the same. 
This approach ensures that the switching gap between hops is kept constant during SRS-pos frequency hopping, enabling quick and efficient execution.
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Figure 3. Example of repeating the time-domain hopping pattern of the first slot in other slots
 Alternatively, we can also consider a method repeating the time domain hopping pattern (i.e., the starting OFDM symbol index and gap between hops within a slot) of the first slot for the hops after the slot boundary, including any hops that cross over the slot boundary (if present). 
This method has the advantage of maintaining multiplexing gain with other UEs even when performing intra-slot + inter-slot frequency hopping, and also offers benefits in terms of starting position flexibility in time domain resource mapping, as mentioned earlier.
It is worth noting that the proposal mentioned in the above paragraphs considers contiguous UL slots. However, it is also necessary to consider cases that a DL slot follows a UL slot where SRS frequency hopping is configured/indicated in TDD. In such cases, the remaining SRS-pos hops can be transmitted continuously or dropped in subsequent UL slots after the DL slot following the UL slot where frequency hopping is configured/indicated. The decision on which option to use can be made by the network.

Proposal 3: Support to configure the intra-slot hopping and inter-slot hopping at the same time for SRS-pos Tx hopping. 
· Select one of the following methods for resource mapping scheme to ensure that hops do not cross over the slot boundary.
· Alt 1: By limiting the start position according to the symbol length of each hop and switching gap between consecutive hops.
· Alt 2: By repeating the time-domain hopping pattern of the first slot in other slots
· For TDD, consider resource mapping rule of the network regarding whether to transmit or drop the remaining SRS-pos hops.

Configuration switching of frequency hopping using the configuration ID
Associating the frequency hopping related configuration parameters to every SRS-pos resource configuration can cause parameter overhead problem. The mechanism that after allocating predefined frequency hopping related RRC configuration parameters as configuration ID, directly indicate the frequency hopping configuration ID when indication of frequency hopping is necessary can be considered. Therefore, it can be reduced by switching the configuration of frequency hopping using the configuration ID.
It needs to be specified how to configure partial overlapped frequency hopping pattern of SRS-pos if supported. It is natural that overlapped size in frequency domain is configured in PRB units, and it can be considered the overlapped size between hops can be same or different. However, to allow different amount of frequency overlapping configuration between hops, the overlapped size for each hop should be individually configured for each hop which can lead configuration overhead and the performance gain due to it is questionable. Rather than that, configuring the common overlapped size for each hop in one SRS-pos resource is desirable for simplicity.
Proposal 4: SRS for positioning frequency hopping configured with a predefined frequency hopping configuration ID via RRC shall be supported. 

Activation/deactivation of frequency hopping SRS-pos via MAC-CE
Whether and how to activate or deactivate frequency hopping for SRS-Pos should be discussed. It can be argued that the frequency hopping for SRS-Pos is configured by RRC. However, from the perspective of the transmitting UE, it could cause latency due to the cancellation or postponement of uplink transmission to the serving cell that cannot be resolved until deactivated. From a resource management perspective, the time and frequency resources that the UE uses to transmit frequency hopped SRS-Pos are considered to be occupied by that UE until it is deactivated. Moreover, it could cause interference in the network, which also cannot be resolved until the feature is deactivated. In a nutshell, the frequency hopping feature of SRS-Pos should support activation and deactivation, and dynamic indication should be supported considering the aforementioned reasons.
To dynamically indicate activation/deactivation (A/D), MAC-CE can be considered. For detail of this, either reusing the existing SP positioning SRS Activation/Deactivation MAC CE specified in [4], or defining a new MAC CE can be considered.
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Figure 4. SP Positioning SRS Activation/Deactivation MAC CE
When reusing the legacy SP positioning SRS A/D MAC CE, the A/D is dynamically indicated on a per SRS resource set. By allocating some of resource set IDs (max 16 per BWP supported in Rel-17) to resource sets that support frequency hopping, it can be indicated via the positioning SRS resource set ID field of the SP positioning SRS A/D MAC CE. 
If a new MAC CE is defined, A/D can also be indicated per SRS resource, which is more flexible. In addition to the fields indicating A/D and the ID of the resource/resource set, an additional field (which only present if MAC CE is used for activation, i.e., the A/D field is set to 1) can indicate some or all of the frequency hopping configuration information This proposed approach increases the flexibility of SRS-pos frequency hopping operation, which requires a relatively long time duration, helping to improve positioning performance and efficiently allocate resources.

Proposal 5: Support frequency hopping of SRS-pos to be activated/deactivated by MAC-CE.

Collision handling
The collisions here are defined as cases where UL Tx to be transmitted to the gNB and frequency hopping SRS-Pos mentioned earlier are indicated in the same time resource, or UL Tx is indicated during the time period outside of the active UL BWP for continuous transmission of SRS-Pos, even if the UE does not actually transmit the frequency hopping SRS-Pos. For collision handling, introducing UL time domain window to ensure frequency hopping SRS-Pos transmission or collision handling rule with other signal/channel for FDD and HD-FDD can be considered. Both cases are discussed in detail respectively.

UL time domain window - Transmission Gap (TG)
The collision with other signals/channels would occur more frequently due to UL SRS-pos frequency hopping operation outside active BWP. Applying dropping rules when collisions with other signals/channels occur results in increased power consumption and complexity due to additional RF retuning, and dropping multiple slots can cause significant performance degradation as can be seen from evaluation results in section 4.2.1. Therefore, similar to measurement gap (MG) for positioning for transmission of DL PRS, transmission gap (TG) for positioning for UL SRS-pos that does not expect transmission and reception of other signals/channels can be consider to prevent the collisions and guarantee the positioning performance.
Two options can be considered for TG configuration method: the TG is configured separately with the SRS-pos resource configuration. Alternatively it can be considered that TG configuration is associated with SRS-pos resource configuration. The first method is to apply the TG configuration, request, and indication method similarly to the MG setting, request, and indication method currently supported by NR Rel-17. It can be configured through RRC message, requested through UL MAC CE by UE, NRPPa by LMF, and indicated through DL MAC CE. In addition, similar to the priority rule of MG, TG does not expect Tx/Rx of other DL or UL signals/channels within the time window, and Tx hopping of resources can be allowed even in outside active UL BWP.
The second method is to associate the configuration of the TG with the RRC configuration for SRS-pos resource frequency hopping to be specified later in NR Rel-18 and follow the request and instruction of the TG to the request and instruction of the SRS-pos resource frequency hopping operation. If TG is configured and SRS-pos frequency hopping is performed, collision with other DL signal/channels or UL signal/channels can be completely prevented, and transmission of SRS-pos resource is guaranteed. Also high positioning accuracy performance can be guaranteed.

Collision handling rule with other signal/channel for FDD and HD-FDD
Applying the existing SRS-pos collision handling rule to the SRS-pos frequency hopping operation may occur several problems due to the characteristics of the frequency hopping and RedCap UEs. When the frequency hopping of SRS-pos for RedCap UEs is supported, due to the limitation of the BW capability of the RedCap UEs, the UEs may need to perform operations including RF retuning at each hop change location. In the case of general signal/channels to which frequency hopping is not applied, the location of the BW where transmission/reception is performed may not be the same as the location on the frequency axis of the hop where frequency hopping is performed. In this case, the dropping rule of SRS-pos performed at the symbol level may cause frequent RF retuning operations of the RedCap UEs, which may cause complexity and power consumption of the UEs. 
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(a)                                                                               (b)
Figure 5. Example for difference of the number of RF retuning occasion: (a) symbol-level dropping, (b) hop-level dropping 
According to our evaluation results in section 4, performance gap between symbol level dropping and hop level dropping rule is marginal, and both methods are enough to satisfy the target positioning accuracy. Hence, it would be worth to support hop level dropping instead of symbol level dropping for SRS-pos with frequency hopping for RedCap UEs. 


[image: ] [image: ]
(a)                                                                                   (b)
Figure 6. Examples of dropping rule for SRS-pos frequency hopping
To determine the collision handling rule, a priority rule and a dropping rule should be specified. The priority rule can be defined about the relationship between SRS-pos frequency hopping and other SRS-pos-frequency hopping/SRS-pos /SRS-MIMO with the same resource type, between SRS-pos frequency hopping and SRS-MIMO/SRS-pos /SRS-posfrequency hopping with different resource types, and between SRS-pos frequency hopping and PUCCH/PUSCH. When collision between the SRS-pos frequency hopping and other signals/channels occurs, dropping is to be performed and the following options can be considered and specified: first, dropping only a hop including the positions of overlapped symbols (Figure 6 (a)) can be considered. Alternatively, dropping the hop where overlapped symbol(s) located in and all previous or subsequent hops of it. (Figure 6 (b)) can be considered. There could be various types of dropping rules, which required to be discussed. It should be noted that, the collision handling rule for HD-FDD is also should be considered since support of FD-FDD is optional for RedCap UE.

Proposal 6: For collision handling rule, support both following options: 
· Opt. 1) UL time domain window where UE is expected to transmit only SRS for positioning
· Opt. 2) Hop level dropping with priority rule between SRS for positioning and other UL transmission

Reporting of measurement per hop
We have been discussing a reporting method based on reporting a single measurement for all received hops. In previous meetings, some companies proposed a method of reporting the measurement(s) associated with each received hop. However, based on the evaluation results in [5], per-hop reporting for frequency hopping shows poor performance in terms of positioning accuracy. Therefore, we cannot find any technical justification for the per-hop reporting method. Regarding the per-hop reporting method, we only support the legacy behaviour of single measurement for per hop measurement reporting.
Additionally, at the previous RAN1#112bis meeting, DL PRS and UL SRS for positioning were discussed simultaneously and agreed. However, DL PRS frequency hopping is based on the UE's receiving behaviour for the legacy SRS-pos resource transmission of the gNB, so we think that it should be discussed separately with UL SRS for positioning Tx hopping.

Proposal 7-1: For UL SRS-pos Tx hopping, reporting the multiple measurements per hop from gNB is not supported.
Proposal 7-2: For DL PRS Rx hopping, reporting the multiple measurements per hop from UE is not supported.
Performance evaluation
Simulation assumptions
To investigate the positioning accuracy for the different mobility cases and different frequency hopping patterns, the TDoA-based positioning was evaluated in the InF-SH scenario. The basic assumptions are:
· Modified TDoA Chan algorithm with selection of the several TRP subsets and weighting-based on residuals is used for absolute position estimation
· RSTDs between UE and TRPs are measured in the baseband with the super-resolution MUSIC algorithms or Peak algorithms for every pair of stations
· Since baseline MUSIC algorithms implementation requires contiguous samples, the Reference Signals grid on the consecutive symbols is united in the single symbol with full band fill. To do this of UL SRS, the comb factor should be equal to repetition parameter. 

Coherent stitching of hops
· Before processing MUSIC or Peak by the algorithm, all hops signals are combined and form a full bandwidth.
· Phase continuity between hops is assumed, although Doppler-induced phase drift are not compensated.
Non-coherent combining of the correlation matrix R or channel impulse response (CIR)
· For each hop, correlation matrix or CIR is evaluated separately and averaged over multiple slots/hops.
· No phase continuity is assumed, and random phase shift is introduced between hops.
Non-coherent combining of final distance estimates
· For each hop, final distance estimation is evaluated and then averaged over multiple slots/hops.
· No phase continuity is assumed, and random phase shift is introduced between hops.
Formal simulation assumptions are summarized in Table 2, while Figure 7 shows visualization of scenarios with frequency hopping.

Table 2. Simulation assumptions
	Parameter
	Values

	Carrier frequency
	3.5 GHz

	Scenario
	InF-SH

	Transmission Bandwidth
	86.4 MHz: (240 RB)

	Type of reference signal
	UL SRS

	Frequency hopping pattern configuration
	17.3MHz(48RBs) x 5slots (CSRS= 55, BSRS = 1, Bhop = 0)

	SCS
	30 kHz

	TX/RX Antenna configuration
	[1,1,1,1,1]

	Deployment
	Total number of UEs = 500
Vehicle speed  =  3 km/h; 30 km/h; 60 km/h;

	Distance algorithm
	MUSIC/ Peak

	Positioning algorithm
	TDoA(Chan)

	Phase between hops
	Uniform random, (0, 2π)

	Phase compensation between hops
	Ideal compensation

	Types of joint processing hops
	· Coherent stitching of hops
· Non-coherent combining of the correlation matrix R or channel impulse response(CIR)
· Non-coherent combining of final distance estimates
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[bookmark: _Ref131677114]Figure 7. Visualization of scenarios with frequency hopping

Evaluation results
Initial collision impact analysis for RedCap UE frequency hopping

In this section we present the initial results of evaluating the performance losses of RedCap UE FH processing depending on the type of collisions. We know in advance that the SRS sequence is continuous in phase. Linear interpolation is applied based on existing SRS sequences. 
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(a)                                                                                    (b)
Figure 8. Visualization of the different types of dropping: (a) hop-level drop (b) symbol-level drop
As shown in Figure 8, we consider two different types of dropping rule: hop-level drop and symbol-level drop. Figure 9 shows performance results depending on different number of symbol collisions and SRS comb with non-coherent combining based on symbol-level dropping. Figure 10 shows results of coherent stitching with different types of dropping. Table 3 summarizes all the results obtained.
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(a)                                                                                   (b)
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(c)
Figure 9. Performance result with collision: (a) Comb 2, (b) Comb 4, (c) Comb 8
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(a)                                                                                (b)
Figure 10. Performance result for coherent stitching of hop: (a) Comb 2, (b) Comb 4 
Table 3. Horizontal accuracy
	Test case assumptions
Common: InF-SH, FR1, MUSIC, TDOA,UL SRS,
5 hop,V = 3 km/h
	Error 50%
	Error 67%
	Error 80%
	Error
90%
	Whether meet the requirement of commercial use cases(<3m)
	Whether meet the requirement of IIoT use cases(<1m)

	Coherent stitching of hops (size overlapping = 4RBs)

	Comb2

	w/o collision
	0.05
	0.08
	0.12
	0.21
	Yes
	Yes

	3 collision slots
	0.15
	0.23
	0.35
	0.58
	Yes
	Yes

	2 collision slots
	0.1
	0.15
	0.23
	0.39
	Yes
	Yes

	1 collision slot
	0.07
	0.11
	0.16
	0.26
	Yes
	Yes

	1 collision symbol
	0.05
	0.08
	0.13
	0.21
	Yes
	Yes

	Comb4

	w/o collision
	0.05
	0.08
	0.12
	0.22
	Yes
	Yes

	3 collision slots
	0.17
	0.26
	0.39
	0.64
	Yes
	Yes

	2 collision slots
	0.1
	0.17
	0.25
	0.43
	Yes
	Yes

	1 collision slot
	0.07
	0.11
	0.18
	0.3
	Yes
	Yes

	3 collision symbols
	0.07
	0.11
	0.17
	0.28
	Yes
	Yes

	2 collision symbols
	0.06
	0.1
	0.15
	0.24
	Yes
	Yes

	1 collision symbol
	0.06
	0.09
	0.14
	0.23
	Yes
	Yes

	Non-coherent combining of the CM

	Comb2

	1 collision symbol
	0.047
	0.076
	0.121
	0.204
	Yes
	Yes

	48RB x 5hops w/o collision
	0.046
	0.074
	0.118
	0.200
	Yes
	Yes

	48RB x 4hops w/o collision
	0.054
	0.088
	0.135
	0.227
	Yes
	Yes

	Comb4

	1 collision symbol
	0.042
	0.068
	0.107
	0.182
	Yes
	Yes

	2 collision symbols
	0.043
	0.069
	0.107
	0.185
	Yes
	Yes

	3 collision symbols
	0.048
	0.075
	0.117
	0.198
	Yes
	Yes

	48RB x 5hops w/o collision
	0.041
	0.066
	0.105
	0.178
	Yes
	Yes

	48RB x 4hops w/o collision
	0.050
	0.079
	0.126
	0.211
	Yes
	Yes

	Comb8

	1 collision symbol
	0.041
	0.065
	0.102
	0.172
	Yes
	Yes

	2 collision symbols
	0.041
	0.065
	0.102
	0.173
	Yes
	Yes

	3 collision symbols
	0.041
	0.065
	0.102
	0.172
	Yes
	Yes

	4 collision symbols
	0.041
	0.066
	0.103
	0.174
	Yes
	Yes

	5 collision symbols
	0.046
	0.072
	0.113
	0.188
	Yes
	Yes

	6 collision symbols
	0.046
	0.072
	0.113
	0.190
	Yes
	Yes

	7 collision symbols
	0.053
	0.083
	0.130
	0.216
	Yes
	Yes

	48RB x 5hops w/o collision
	0.039
	0.063
	0.098
	0.165
	Yes
	Yes

	48RB x 4hops w/o collision
	0.047
	0.075
	0.117
	0.195
	Yes
	Yes

	Non-coherent combining of the lost slots

	Comb2

	4 lost slots
	0.16
	0.24
	0.37
	0.63
	Yes
	Yes

	3 lost slots
	0.09
	0.14
	0.22
	0.36
	Yes
	Yes

	2 lost slots
	0.07
	0.10
	0.16
	0.27
	Yes
	Yes

	1 lost slots
	0.05
	0.09
	0.14
	0.23
	Yes
	Yes

	Comb4

	4 lost slots
	0.14
	0.22
	0.33
	0.57
	Yes
	Yes

	3 lost slots
	0.08
	0.13
	0.20
	0.32
	Yes
	Yes

	2 lost slots
	0.06
	0.10
	0.15
	0.25
	Yes
	Yes

	1 lost slots
	0.05
	0.08
	0.12
	0.21
	Yes
	Yes

	Comb8

	4 lost slots
	0.13
	0.21
	0.32
	0.53
	Yes
	Yes

	3 lost slots
	0.08
	0.12
	0.19
	0.31
	Yes
	Yes

	2 lost slots
	0.06
	0.09
	0.14
	0.24
	Yes
	Yes

	1 lost slots
	0.05
	0.08
	0.12
	0.19
	Yes
	Yes




Observation 1: When using 5 hops and collision occurs on the last hop, the performance difference between symbol-level dropping and hop-level dropping rule is < 0.1m.
Observation 2: Applying symbol-level dropping rules results in increased power consumption and complexity due to additional RF retuning compared to slot-level dropping rules.
Observation 3: Significant performance degradation occurs when multiple slots are dropped.

Optimal overlapping bandwidth sizes between hops
The coherent stitching of hops approach for RedCap frequency hopping requires phase alignment to eliminate errors due to phase shifts between hops. This procedure can be performed by overlapping the frequency part for neighboring hops. This raises the question of what optimal overlapping size should be used to equalize the phase. On the one hand, as the overlapping bandwidth increases, the accuracy will increase due to the increase in the efficiency of phase error compensate, but on the other hand, the positioning accuracy will decrease due to the decrease in the total bandwidth.
 Figure 11 shows an example of 5 frequency hops with an overlapping size of 4RBs. The full set of simulation results summarizing the performance of various overlapping sizes for 5 hops is shown in Table 4 for super-resolution MUSIC TOA estimation algorithm. Figure 12 shows plot of 90% CDF values of positioning accuracy versus overlapping size. 
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[bookmark: _Ref134712716]Figure 11. Example of 5 frequency hops with an overlapping size of 4RBs
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[bookmark: _Ref134712645]Figure 12. Plot of 90% CDF values of positioning accuracy versus overlapping size.

[bookmark: _Ref134712798]Table 4 Horizontal accuracy
	Test case assumptions
Common: InF-SH, FR1, 
5 hops, MUSIC, TDOA,
UL SRS, Comb4
	BW, MHz
	Error 50%
	Error 67%
	Error 80%
	Error
90%
	Whether meet the requirement of commercial use cases(<3m)
	Whether meet the requirement of IIoT use cases(<1m)

	V = 3km/h

	W/o Overlapping
	86.4
	3.1
	4.4
	6.2
	9.2
	No
	No

	Overlapping = 1 RB
	85
	0.05
	0.082
	0.132
	0.223
	Yes
	Yes

	Overlapping = 2 RBs
	83.5
	0.049
	0.078
	0.124
	0.213
	Yes
	Yes

	Overlapping = 3 RBs
	82.1
	0.049
	0.078
	0.125
	0.215
	Yes
	Yes

	Overlapping = 4 RBs
	80.6
	0.05
	0.08
	0.126
	0.219
	Yes
	Yes

	Overlapping = 5 RBs
	79.2
	0.051
	0.083
	0.129
	0.221
	Yes
	Yes

	Overlapping = 6 RBs
	77.8
	0.053
	0.085
	0.132
	0.224
	Yes
	Yes

	Overlapping = 8 RBs
	74.9
	0.055
	0.089
	0.138
	0.232
	Yes
	Yes

	Overlapping = 12 RBs
	69.1
	0.062
	0.099
	0.153
	0.244
	Yes
	Yes

	Overlapping = 20 RBs
	57.6
	0.078
	0.124
	0.196
	0.318
	Yes
	Yes

	V = 30km/h

	W/o Overlapping
	86.4
	3.1
	4.4
	6.3
	9.3
	No
	No

	Overlapping = 1 RB
	85
	0.068
	0.107
	0.17
	0.288
	Yes
	Yes

	Overlapping = 2 RBs
	83.5
	0.066
	0.104
	0.159
	0.265
	Yes
	Yes

	Overlapping = 3 RBs
	82.1
	0.063
	0.099
	0.155
	0.255
	Yes
	Yes

	Overlapping = 4 RBs
	80.6
	0.064
	0.1
	0.156
	0.257
	Yes
	Yes

	Overlapping = 5 RBs
	79.2
	0.065
	0.102
	0.16
	0.263
	Yes
	Yes

	Overlapping = 6 RBs
	77.8
	0.066
	0.104
	0.162
	0.269
	Yes
	Yes

	Overlapping = 8 RBs
	74.9
	0.068
	0.107
	0.163
	0.275
	Yes
	Yes

	Overlapping = 12 RBs
	69.1
	0.084
	0.13
	0.197
	0.328
	Yes
	Yes

	Overlapping = 20 RBs
	57.6
	0.106
	0.165
	0.246
	0.4
	Yes
	Yes

	V = 60km/h

	W/o Overlapping
	86.4
	3.1
	4.4
	6.3
	9.3
	No
	No

	Overlapping = 1 RB
	85
	0.101
	0.16
	0.242
	0.4
	Yes
	Yes

	Overlapping = 2 RBs
	83.5
	0.098
	0.153
	0.236
	0.385
	Yes
	Yes

	Overlapping = 3 RBs
	82.1
	0.096
	0.15
	0.232
	0.377
	Yes
	Yes

	Overlapping = 4 RBs
	80.6
	0.095
	0.148
	0.227
	0.375
	Yes
	Yes

	Overlapping = 5 RBs
	79.2
	0.095
	0.148
	0.228
	0.376
	Yes
	Yes

	Overlapping = 6 RBs
	77.8
	0.095
	0.148
	0.229
	0.379
	Yes
	Yes

	Overlapping = 8 RBs
	74.9
	0.097
	0.152
	0.231
	0.382
	Yes
	Yes

	Overlapping = 12 RBs
	69.1
	0.102
	0.157
	0.251
	0.415
	Yes
	Yes

	Overlapping = 20 RBs
	57.6
	0.136
	0.209
	0.31
	0.477
	Yes
	Yes

	V = 120km/h

	W/o Overlapping
	86.4
	3.1
	4.4
	6.3
	9.3
	No
	No

	Overlapping = 1 RB
	85
	0.163
	0.259
	0.403
	0.653
	Yes
	Yes

	Overlapping = 2 RBs
	83.5
	0.158
	0.249
	0.392
	0.641
	Yes
	Yes

	Overlapping = 3 RBs
	82.1
	0.154
	0.246
	0.385
	0.62
	Yes
	Yes

	Overlapping = 4 RBs
	80.6
	0.154
	0.246
	0.38
	0.605
	Yes
	Yes

	Overlapping = 5 RBs
	79.2
	0.154
	0.246
	0.373
	0.601
	Yes
	Yes

	Overlapping = 6 RBs
	77.8
	0.156
	0.246
	0.375
	0.603
	Yes
	Yes

	Overlapping = 8 RBs
	74.9
	0.157
	0.246
	0.377
	0.613
	Yes
	Yes

	Overlapping = 12 RBs
	69.1
	0.165
	0.258
	0.39
	0.612
	Yes
	Yes

	Overlapping = 20 RBs
	57.6
	0.193
	0.289
	0.44
	0.723
	Yes
	Yes



Observation 4:  Simulation performance results of different overlapping sizes for coherent stitching of hops in case 5 hops showed:
· In the case of low UE mobility (3 km/h), the overlapping of only 2RBs is the most optimal, phase error estimation between each pair hops already has high accuracy and a further increase in the overlapping size only results in a loss of the total band and decreases the positioning accuracy. 
· With the growth of UE mobility, a larger overlapping size is required, so for a velocity = 120 km/h, an overlapping of 5 RBs is optimal.

Performance of different approaches of joint processing of hops
A set of simulation results summarizing the effectiveness of the two considered combining techniques (Non-coherent combining of the CM and Coherent stitching of hops) for different mobility scenarios is shown in Table 4 for super-resolution MUSIC TOA estimation algorithm. Figure 13 shows corresponding CDFs graphs.
[image: ]
[bookmark: _Ref134721511]Figure 13. Performance of different approaches of joint processing of hops

[bookmark: _Ref134721390]Table 4 Horizontal accuracy
	Test case assumptions
Common: InF-SH, FR1, 
5 hops, MUSIC, TDOA,
UL SRS, Comb4
	Error 50%
	Error 67%
	Error 80%
	Error
90%
	Whether meet the requirement of commercial use cases(<3m)
	Whether meet the requirement of IIoT use cases(<1m)

	BW 86.4MHz full
	0.03
	0.05
	0.08
	0.13
	Yes
	Yes

	Non-coherent combining of the CM

	V = 3km/h
	0.07
	0.1
	0.16
	0.26
	Yes
	Yes

	V = 30km/h
	0.07
	0.11
	0.16
	0.26
	Yes
	Yes

	V = 60km/h
	0.07
	0.11
	0.16
	0.26
	Yes
	Yes

	V = 120km/h
	0.07
	0.11
	0.17
	0.29
	Yes
	Yes

	Coherent stitching of hops (size overlapping = 4RBs)

	V = 3km/h
	0.05
	0.08
	0.12
	0.22
	Yes
	Yes

	V = 30km/h
	0.06
	0.1
	0.16
	0.25
	Yes
	Yes

	V = 60km/h
	0.1
	0.15
	0.23
	0.37
	Yes
	Yes

	V = 120km/h
	0.16
	0.24
	0.37
	0.6
	Yes
	Yes



Observation 5:  The analysis effectiveness of the two combination methods (Non-coherent combining of the CM and Coherent stitching of hops) in case 5 hops shows:
· The performance of the coherent stitching of hops method is highly dependent on the mobility of the user, since it degrades the accuracy of the phase error estimate between each hop. Thus, as the velocity UE increases to 120 km/h, the positioning accuracy degrades by 38 cm, while the simple method of Non-coherent combining of the CM has a very weak dependence on the UE mobility and loses only 3 cm.
· The performance of the coherent stitching of hops method is higher compared to non-coherent combining of the CM before mobility UE 30 km/h, after coherent stitching of hops method begins to lose significantly to the non-coherent method.

Conclusion
Based on the above discussion, the following proposals and observations are provided.
Proposal 1: Deprioritize DL-PRS frequency hopping outside MG.
Proposal 2-1: Adopt following new parameters are included in SRS-pos frequency hopping configuration
· Number of hops
· Overlap size which can be set to zero
 Proposal 2-2: Following parameters in legacy SRS-pos resource configuration can be reused to SRS-pos frequency hopping configuration
· Bandwidth of SRS-pos resource is used to determine the bandwidth of each hop
· Starting position of SRS-pos resource in time/frequency domain is used to determine the Starting position in time/frequency domain for the first hop
· The number of symbols of SRS-pos resource is used to determine the number of symbols of each hop
Proposal 3: For the intra-slot + inter-slot SRS-pos Tx hopping mechanism:
· Select one of the methods for resource mapping scheme for preventing the hop from crossing over the slot boundary
· Alt 1: By limiting the start position according to the symbol length of each hop and switching gap between consecutive hops.
· Alt 2: By repeating the time-domain hopping pattern of the first slot in other slots
· For TDD, consider resource mapping rule of the network regarding whether to transmit or drop the remaining SRS-pos hops.
Proposal 4: SRS for positioning frequency hopping configured with frequency hopping configuration ID which is pre-defined via RRC should be supported. 
Proposal 5: Support frequency hopping of SRS-pos is activated/deactivated by MAC-CE.
Proposal 6: For collision handling rule, support both following options: 
· Opt. 1) UL time domain window where UE is expected to transmit only SRS for positioning
· Opt. 2) Hop level dropping with priority rule between SRS for positioning and other UL transmission
Proposal 7-1: For UL SRS-pos Tx hopping, reporting the multiple measurements per hop from gNB is not supported.
Proposal 7-2: For DL PRS Rx hopping, reporting the multiple measurements per hop from UE is not supported.

Observation 1: When using 5 hops and a collision occurs on the last hop, the performance difference between symbol-level dropping and dropping on only the last hop is < 0.1m.
Observation 2: Applying symbol-level dropping rules results in increased power consumption and complexity due to additional RF retuning compared to slot-level dropping rules.
Observation 3: Significant performance degradation occurs when multiple slots are dropped.
Observation 4:  Simulation performance results of different overlapping sizes for coherent stitching of hops in case 5 hops showed:
· In the case of low UE mobility (3 km/h), the overlapping of only 2RBs is the most optimal, phase error estimation between each pair hops already has high accuracy and a further increase in the overlapping size only results in a loss of the total band and decreases the positioning accuracy. 
· With the growth of UE mobility, a larger overlapping size is required, so for a velocity = 120 km/h, an overlapping of 5 RBs is optimal.
Observation 5:  The analysis effectiveness of the two combination methods (Non-coherent combining of the CM and Coherent stitching of hops) in case 5 hops shows:
· The performance of the coherent stitching of hops method is highly dependent on the mobility of the user, since it degrades the accuracy of the phase error estimate between each hop. Thus, as the velocity UE increases to 120 km/h, the positioning accuracy degrades by 38 cm, while the simple method of Non-coherent combining of the CM has a very weak dependence on the UE mobility and loses only 3 cm.
· The performance of the coherent stitching of hops method is higher compared to non-coherent combining of the CM before mobility UE 30 km/h, after coherent stitching of hops method begins to lose significantly to the non-coherent method.
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